
results after six months' treatment on Blackwell's Island. I
do not believe that any bromid will cure epilepsy. It will
suppress the spasms, but I doubt if it will cure. We know
so little about the cause of epilepsy. I saw an abdominal
operation on Randall's Island the other day on an epileptic
boy 19 years of age, and they found intestinal adhesions.
They said they had done all they could and then "turned him
over to the plumber" to remedy conditions. We certainly
do not know much about the cause. It is a complex disease ;
the combined conditions may result from different causes,
sometimes of the brain, sometimes of the intestinal canal.
How often in private practice we find spasms in children
caused by eating too much cake, candy, pies or puddings, and
in epilepsy the trouble is much the same. The cause may yet
be found in the abdominal organs. We have 330 cases in
our Home, and we have used almost everything, even snake
venom (crotalin), and we find nothing does any permanent
good but regular diet and regular habits.

Dr. W. H. Kidder, Oswego, N. Y. : That epilepsy is a

complex instead of a definite entity seems somewhat doubt¬
ful. There is a physical and psychic picture that is very
definite. It is different from the convulsions of children's
illnesses. The use of bromids is so general that one must
be familiar with it. If one approaches the use of bromids
from the psychic standpoint, more good will be accomplished
than if they were used merely to suppress convulsions.
If used with proper care and to produce a feeling of serenity
in the patient, a good result will be obtained. If they are
used merely to control convulsions we shall not get good
results. I believe that bromids help us to produce a mental
attitude that we want to get in the patient, and it will thus
help to change environment by giving the patient a more
serene state of mind.  

Dr. N. A. Pashayan, Schenectady, N. Y. : I have seen
174 cases in the last twelve years. Three cases in adults
started late in life. The Wassermann test was positive. The
cases were idiopathic epilepsy and they all responded to
antisyphilitic treatment.

Dr. L. M. Crafts, Minneapolis : I rarely have had occasion
to use bromids and never more than a 5-grain dose. I think
the speaker referred to the psychic effects of the bromids.
That is true as far as quieting the patient is concerned.
They are not only quieting, they are depressing. The most
important thing, however, is a regular regime and complete
regulation of the life of the individual, helping digestion,
eliminating all meats, aiding bowel, kidney and skin elimina¬
tion and keeping the patient free from strain and excitement.
That is the way to get -results. Persistence is important,
and it is often found that from two to five years' treat¬
ment must be given before results are obtained. I have
had many cases show complete subsidence of attacks with
this method. I think dependence on bromids is archaic and
should be abandoned. They cloud the results and often are
clearly harmful.

Dr. E. D. Fisher, New York: I make a distinction between
the essential form of epilepsy and that occurring in later life.
In early life we have a condition of mental change, but in
later life we do not find the mental changes that occur in
children. It is natural that this should be so. Epilepsy in
childhood is associated with an undeveloped brain, and we
must look for an etiologic factor which can never be the same
as in adult epilepsy. I refer to epilepsy of circulatory origin.
The disease can be helped by bromids, which we must use to
alleviate the symptoms, with strict attention to the intestinal
tract and the diet.

Dr. H. T. Pershing, Denver : I agree that mere suppres¬
sion of the attacks would be of little avail; we must have a
discontinuance of attacks along with improvement in physical
and mental health. But the attacks themselves are a very
serious disadvantage to the individual, and if we can give the
patient long intervals without any attacks we thus do a great
deal to effect his readjustment with his world. Most of my
patients are able to work. We can judge by the condition of
the patient if he is able to do things better than before, and
this is the test of the treatment, rather than the mere suppres¬
sion of the attacks. Skilful use of the bromids will help a

great deal in attaining this end. I do not think that Dr.
Dawson is right in applying to these cases the results of
treatment on Blackwell's Island. Private cases of epilepsy
are much more favorable than institutional ones. The serenity
of the patient in these cases is undoubtedly of great impor¬
tance, and every epileptic should be treated from the psychic
standpoint as well as from the physical; but the utmost one
could do by mental treatment alone would not accomplish
nearly as much as the combination with proper medication.
In a small proportion of my cases I have had evidence of
syphilis, with a positive Wassermann. Antisyphilitic treat¬
ment has been added, but I do not expect to cure epileptic
attacks with the latter treatment, even when syphilis was the
original cause.

A STUDY OF ARTERIAL SOUNDS
STEWART R. ROBERTS, M.D.

Professor of Medicine, Emory University School of Medicine
ATLANTA, GA.

This study was undertaken in order (1) to gainevidence for the transmission of the heart sounds in
the arteries ; (2) to secure evidence of the cause of the
sounds heard in the brachial artery in taking blood
pressure; (3) to determine whether or not any rela-
tion exists between arterial sounds and blood pres-
sure, or between arterial sounds and arteriosclerosis,and (4) to determine whether or not arterial sounds
have clinical and diagnostic value. Two hundred cases
have been taken in regular order, some being personsin good health, some private patients, and some ward
patients. In each case the name, age, sex, and diag-nosis were recorded ; then the pulse rate, and systolic,diastolic and pulse pressure were registered; the con-dition of the arteries was classified as normal or
arteriosclerotic, and the heart sounds were classified
as clear, split or murmurs. The stethoscope was
applied without pressure over the right and left carot-
ids, subclavians, brachials and femorals. The pres-
ence, absence and character of the sounds and
murmurs in the arteries were noted and recorded.The acuteness of one's hearing increased and the
sounds became more clear as the work progressed.Little work has appeared in English on this sub¬ject. Laennec1 was the first to notice the existence ofarterial sounds and murmurs, and speaks of the
"bruit normal." Corrigan2 discovered that an arterial
murmur developed in a tube or an artery at the pointof pressure and constriction, or where the fluid flowsfrom a narrow to a wider part. Hamernyk2 described
the two sounds usually heard in the carotid and stib-clavian arteries. Kiwisch,2 Theodore Weber,2 andChaveau2 agreed with Corrigan, and further showed
that the murmur due to constriction and the resultine;vibrations follow the blood stream. Conrad2 firstraised the question as to whether the sounds arose inthe arteries or were transmitted from the heart; andMarey2 noticed that sounds occur in the arteries in
aneurysm and in diseases of the heart.

Richardson2 claimed that blood is a poor sound con¬
ductor, and all subsequent work since his time hascredited this premise, which is probably entirelywrong. Friedrich2 finally concluded that the firstsound in the artery was due to arterial tension, or
was arterial in origin ; and the second sound is cardiac

Read before the Section on Practice of Medicine at the Sixty\x=req-\Eighth Annual Session of the American Medical Association, NewYork, June, 1917.
1. Laennec: Mediate Auscultation and Diseases of the Chest, pp.706-707.
2. Quoted by Weil: Auskultation der Arterien und Venen, 1875.
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in origin. Shoder2 denied even that any of the arterial
sounds were transmitted from the heart. Niemeyer2
first seems to have grasped the idea that "a stream of
fluid producing pressure may carry sound due to
vibrations originating from valvular defects. . . .

The vibrations observed for example in cases of mitral
defect must therefore take place in the ventricle if
there is insufficiency, in the auricle if there is stenosis."
Traube3 thought that hyperpressure and arterial
sounds were related, and that in hyperpressure there
were no sounds in the femoral arteries. This study
proves the reverse to be true. Weil's2 work, pub¬
lished in 1875, is the most exhaustive on the subject,
and he concludes that the first and second sounds
heard in the carotids and the subclavians are trans¬
mitted from the heart, and that arterial murmurs

originate in the vessel.
Much confusion and many variable conclusions exist

in the literature, due in large measure to the failure
to separate terms accurately, and a certain inexplicable
hesitancy to admit the evidence that proves the two
arterial sounds are transmitted from the heart. As
noted by Weil and Frank,4 and accented by Wiggers,4
neither the heart sounds and murmurs nor the arterial
murmur can be classified musically, but all belong to
the category of murmurs. The Germans have classi¬
fied the sounds in the arteries that are short, sharp
and quick ending as "Töne," and those that are pro¬
longed and less sharply defined as "Geräusche."
These in English would be tones and noises, but mod¬
ern usage would call the first, sounds ; and the indefi¬
nite, swishing and blowing vibrations, murmurs.

Every noise in the artery is therefore either a sound
or a murmur. The murmurs may be further classi¬
fied as (1) pressure murmurs due to the constriction
of an artery at any point from external pressure, as
from a stethoscope ; (2) natural murmurs that origi¬
nate in the arteries without external pressure, as in
the right subclavian or the dynamic or slack abdom¬
inal aorta, and (3) the valvular murmurs, fainter
and swishing, the transmitted blows of cardiac mur¬
murs. The last are more blowing and less vibratory
in type than the first two. They are of the same pitch,
but softer than when heard over the heart.

Sounds and murmurs in the heart and arteries con¬

form to the laws of the physics of sound, which may
be summarized as follows : All sound is due to vibra¬
tion, whether occurring in air, fluid, or solid mediums.
Sound takes time to travel, needs a material to travel
through, and is a disturbance of the wave kind.5 The
heart sounds may be transmitted througU any of the
surrounding mediums ; both through the blood and
down the blood stream by means of the vibration of
its particles, aided also by the blood movement ; and
through the tissues because the vibrations continue
through the wall of the heart, the soft parts, the bones,
the skin, and the air to the ear. Indeed, Cattani,6
under the title of "The Arterial Fremitus or the
Vibrating Pulse," describes the intense thrill fre¬
quently felt by palpating along the pulsating artery,
his "vibrante pulso," or vibrating pulse.

I have been unable to find the rate of the transmis¬
sion of sound through the blood or tissues. Such

3. Traube, cited by Ziemssen: Cyclopaedia of the Practice of Med-
icine, 6. Rosenstein: Diseases of the Circulatory System, pp. 135-141.

4. Wiggers: Circulation in Health and Disease, Philadelphia, 1915,
p. 174.

5. Article on Sound, Encyclopedia Britannica, 25, 437.
6. Cattani, G.: Il Fremito Arterioso o Polso Vibrante, Pensiero med.,

1913, 3, 561-568.

transmission through different mediums is determined
by their rigidity and their density; rigidity increasingthe rate, density decreasing it. Liquids have much
higher rigidity in proportion to their density than
gases, and carry sound at much higher velocity. Water
confined in tubes does not carry sound waves at the
same velocity as a loose bulk of the liquid in which
the propagation is unrestrained by the walls of the
tube. The rate is increased by a rise of temperature,
and solutions carry more rapidly than pure solvents.
The calculation of the velocity of sound through a

large, free bulk of human blood would not be difficult ;
but confined in arteries of varying elasticity, the rate
would be affected not only by the density of the
stream, but by the character of the soluble matter,
and the tone of the arterial, wall. Practically, however,
the channel distances being in meters, or less, the
actual time required for sounds from the heart to
reach exposed sections of the arterial tubing would
differ very little from that of a salt solution of the
same density and temperature, or at the rate of 1,550
meters per second, as against 1,435 meters per second
in bulk water. Dissolved gases retard the rate of
propagation. In the short distance between the heart
and the carotids and the subclavians, the heart sounds
would be transmitted practically instantaneously.

Sahli7 states that "two sounds are heard over the
carotids and subclavians, a systolic from the systolic
tension of the vessel wall, and a' diastolic transmitted
from the aortic valves." Weil, however, noted that
abnormal sounds in the heart were transmitted to the
carotids, but he called them sounds, rather than mur¬
murs. The evidence is clear that the first sound is not
due to the systolic tension of the vessel wall, but
rather is transmitted from the mitral closure, just as
the second is transmitted from the aortic closure.

The following facts prove that both first and second
sounds are transmitted from the heart, and that mitral
and aortic murmurs, both direct and indirect, are also
thus transmitted. The mitral closure as transmitted
to the carotids and the subclavians is duller and
fainter, as a rule, than the aortic closure.

1. These sounds occur in orderly sequence at the same rate,
and apparently at the same time intervals, and of similar tone
as the heart sounds. In Case 86 of our series with a double,
bigeminal pulse and a pause, four sounds occurred in rapid
succession in the carotids and the subclavians, followed by
the same pause. In Case 166 with mitral régurgitation and
myocarditis the sounds of premature contractions in the
heart were transmitted and plainly heard in the carotids and
subclavians.

2. A clear, normal mitral closure occurred in seventy-five
cases, and was heard in the carotids and subclavians seventy
times, or 93 per cent.

3. An accented mitral closure in the heart is heard as an
accented heart closure in the carotids and subclavians three
times in three cases, or 100 per cent.

4. A split mitral closure occurred in forty-eight cases in
our series and was followed by a split first sound in the
carotids thirty times, or 62 per cent.; and in the subclavians
twenty-five times, or 52 per cent.

5. Mitral régurgitation murmurs occurred in fifty-eight
cases, and were heard fifty-one times, or 90 per cent., in the
carotids ; and fifty-two times, or 90 per cent., in the sub¬
clavians.

6. Loud murmurs of the mitral valve, either presystolic or
diastolic, often replace the clear mitral closure in the carotids
and subclavians. Case 116, a negro boy, aged 4 years, with
loud, blowing presystolic and systolic mitral murmurs, with
a loud ringing mitral closure between, had transmitted to

7. Sahli: Diagnostic Methods, p. 348.
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his carotids and subclavians the loud, blowing, presystolic
murmur, then the pause, during which the sharp mitral closure
occurred, followed by the loud, blowing, mitral régurgitant
murmur. This one case is proof of the transmission and
transmissibility of the mitral closure and of murmurs at the
mitral orifice.

7. Six presystolic mitral murmurs were heard five times in
the carotids and subclavians, or 84 per cent.

8. The clear, aortic closure occurred ninety-five times, and
was heard in the carotids and subclavians ninety-five times,
or 100 per cent.

9. The aortic second sound was accentuated in forty-nine
cases and was heard in the carotids and subclavians forty-
seven times, or 96 per cent.

10. The aortic second sound was split in sixty-two cases,
and was in the carotids fifty times, or 80 per cent, and in
the subclavians forty-seven times, or 71 per cent.

11. There were twenty-six cases of aortic régurgitation, of
which twenty-five were heard in the carotids, or 96 per cent.,
and twenty-four in the subclavians, or 92 per cent. Often
an impure aortic closure may show a lisping or a leaking
second sound in carotids and subclavians.

12. The aortic first bruit occurred in ten cases, and was
heard nine times in the carotids and subclavians, or 90 per
cent.

13. The murmurs of aortic stenosis, as is well known, are
transmitted into the subclavians and vessels of the neck.' In
Lynch's8 case this murmur was heard over the right radial

TABLE 1.—ARTERIAL SOUNDS. CLASSIFICATION OP CASES STUDIED BY DISEASES AND SEX

Diagnosis

Good health.
Pregnancy.
Nervous diseases.
Renal diseases.
Respiratory diseases.
Anemias.
Syphilis.
Circulatory diseases.
Acute infections.
Digestive diseases—
Miscellaneous.

Age, Males

11-20 21-30 31-40

6

17

41-60

4

4

51-1

12

51-70

2

'ISO Total
Age, Pernales

1-10 21-30 31-40 41-50 51-ß 61-70

12

71-80 81-80 Total

17
18

t»
4

22
7
li
7

at the wrist and wholly masked the succession of sounds
during the systolic reading of the pressure.

14. In Case 89, a sharp, short, blowing murmur occurred
between the mitral and aortic closures with no relation to
either. This was probably a congenital defect in the inter-
ventricular septum ; with the passage of blood apparently
from the left to the right ventricle during the latter two thirds
of systole, clear mitral and aortic closures occurred in the
carotids and subclavians.

15. Mitral presystolic murmurs with the vibrations passing
through the ventricle and aortic valves are heard plainly in
the carotids and subclavians ; but Austin Flint murmurs due
to the spraying blood passing backward into the heart through
the opening in the aortic valves are not heard in the carotids
and subclavians. This is plainly demonstrated when we
compare Case 116, already noted, with Case 120, in which
a mitral régurgitation and an A1 bruit and an A2 régurgita¬
tion were heard in the carotids and subclavians, but a most
beautiful, loud, spraying Austin Flint murmur heard plainly
in the fifth space at the apex was not heard in the long pause
in the vessel.

16. Experimental proof in the laboratory by tearing a seg¬
ment of aortic and mitral valves would probably be very easy.

Matterstock,9 in 1878, first called attention to the
split diastolic arterial sound, which he thought was
due to a double contraction of the ventricle. Weil

8. Lynch, O. B.: Queries and Minor Notes, The Journal A. M. A.,
March 31, 1917, p. 995.

9. Matterstock, G. K.: Die Auscultatorischen Erscheinungen der
Arterien mit besondere Ber\l=u"\cksichtigungder Herzkrankheiten, Deutsch.
Arch. f. klin. Med., 1878, 22, 507-549.

failed to notice this, and Matterstock is probably in
error in attributing this to the double closure of the
ventricle. In our experience these split sounds in the
arteries all have a split aortic closure or a split mitral
closure in the heart. These split closures are due not
only to the separate closure of the two valves of dif¬
ferent sides, but far more frequently to the different
time closure of the segments of one valve. The latter
is transmitted from the heart. Sixty-two of the 200
cases showed a split, or duplicated aortic closure, and
this split closure was heard as a split second sound
fifty times in the carotids and forty-seven times in the
subclavians. In Case 54 it was heard in the brachial
artery before the application of the cuff. In twelve
cases this split closure was heard in the brachial artery
in the second, third and fourth phases, never in the
first or fifth phases of pressure readings.In no case was the split sound heard in the brachial
in taking pressure where there was not a split aortic
closure in the heart. As the air escapes from the cuff,
a murmur and a sound develop. The murmur is
usually heard first and in the first and second phases,and often disappears before the sound. The murmur
is due to the passage of blood through the narrow
opening into the wider space of lower pressure and
diminished peripheral resistance below. Bard10 has

shown that if a cuff be applied below over the forearm
and the pressure raised above the systolic pressure and
held, and blood pressure is taken from a second cuff
applied over the arm, no murmurs are heard in the
brachial artery. With the forearm cuff applied, the
condition of wider area, lower pressure, and dimin¬
ished peripheral resistance below is absent because the
arteries are distended.

The sound heard on taking the pressure is next to
be accounted for. It is often clear and loud, may be
split, and usually ceases with the diastolic pressure,
or when the artery is open again. Murmurs may orig¬inate at the point of constriction in an artery, but
sounds hardly originate at such a point. We know
that the aortic closure sound is transmitted anteriorlythrough the chest wall and into the carotids and sub¬
clavians, and throughout the blood stream. This
brachial sound :

1. Occurs at the same rate of the pulse.
2. Usually disappears when the lumen of the

brachial is open after diastolic readings.
3. Is split only when the aortic valve is split.4. Occurs usually in the second, third or fourth

phase.
5. Is probably the transmitted sound from the clo¬

sure of the aortic valve.
10. Bard, L.: De l'appr\l=e'\ciation des r\l=e'\sistances periph\l=e'\riques parl'auscultation des souffles art\l=e'\riels, Arch. d. mal. du c\l=oe\ur, 1915, 8,

105-111.
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6. The same sound is heard in the upper third of
the brachial artery above the cuff. In this upper area
it was heard in one case when the cuff was inflated,
whereas the systolic pressure was only 96. It occurred
above at 68 to the minute, the same as the patient's
pulse rate, and disappeared at the same instant that
blood passed through the brachial artery covered by
the cuff, or at the instant of the systolic pressure.
This subject of the upper cuff sound needs investiga¬
tion. Subcutaneous fat, experience in auscultation,
and the proper placing of the cuff low enough down
on the arm are factors in hearing this upper sound
clearly.

TABLE 2.—SUMMARY OP CARDIAC SOUNDS AND MURMURS
AND PERCENTAGE HEARD IN THE ARTERIES

Car- Súbela- Bra- Eemor-
otids vians chials als

No. No. % No. % No. % No. %
Mitral sound. 75 70 93 70 93
Mitralsplit. 48 30 02 25 52
Mitral régurgitation. 58 51 90 52 90
Mitral stenosis. 6 5 84 5 84
Aortic second sound. 95 95 100 95 100 28 29 46 48
Aortic second accented. .49 47 96 47 96
Aortic second split. 62 50 80 47 71
Aortic régurgitation. 26 25 96 24 92
Aortic first bruit. 10 9 90 9 90_

7. This sound is also heard when the stethoscope is
applied with pressure. It is evident, therefore, that
it is not due, as is so commonly stated, to the resonance
of the cuff, and that its cause must be proximal to the
cuff, since it is heard above it, rather than distal
because it is heard below it.

8. It is probable that when an artery is open this
transmitted aortic closure sound passes through the
brachial artery, and is restrained by the walls of the
tube; whereas when the artery is partially or entirely
closed the sound vibrations cannot continue easily
down the blood stream, but pass unrestrained through
the walls of the artery. When a rock is thrown on the
smooth surface of a pond, many ripples follow each
other in concentric circles to the shore ; but when the
same rock is thrown on the running waters of a small
river, the ripples are so faint and few and move such
a short distance that they are often not noticed. The
surface ripples are destroyed by the momentum and
motion of the river water. The blood is of greater
density and under greater pressure than the river
water, and is moving at a more rapid rate, and sound
vibrations are more apt to pass down stream when
the channel is open, or to pass laterally when the
channel is narrowed or closed.

Dehio,11 in 1913, gave twelve cases of febrile dis¬
ease, anemia, heart iesions and exophthalmic goiter
in which he heard spontaneous sounds in the femorals.
He states that these sounds occur in cases of hypo-
pressure in the majority of cases, and, as a rule, when
the diastolic pressure is very low and the pulse pres¬
sure high. His theory is that in such cases there is an

abnormally low blood pressure with defective filling
of the artery, and these sounds are due to vibrations
of the vessel wall, and the murmurs to the swirling of
the fluid in the vessel. This is the first attempt to
show a relation between arterial sounds and blood
pressure, but twelve cases are probably too few in
number to permit a conclusion. He seems to fail to
consider that the femoral sound may be a transmitted
aortic sound. Indeed, the difficulty is to prove that
what he calls a spontaneous femoral sound exists at

11. Dehio, K.: Ueber das pulsatorische T\l=o"\nen der Arterien, St.
Petersb. med. Ztschr., 1913, 38, 259-263.

all. It is true that murmurs are due to the vibrations
of the vessel wall, but it is difficult to account for
the sounds in the vessels unless we consider them
transmitted from the heart.

In our series for the purpose of determining
whether any relation exists between blood pressure
and arterial sounds, 97 cases were divided into 3
groups. Group 1 consists of fifty-one cases with a
systolic pressure of 10 and below (Table 3) ; Group 2
includes thirty-seven cases with a systolic pressure
between 125 and 175 ; and Group 3, nine cases, with
systolic pressure of 200 and above. Between Group 1
and Group 2 are omitted the cases of systolic pres¬
sures between 100 and 125 ; and between Groups 2 and
3 are omitted those cases with systolic pressures
between 175 and 200. These omissions permit clearer
conclusions because of their breaks.

In the ninety-seven cases in the three groups, the
first and second sounds in the carotids and subclavians
are equally and easily transmitted, and are not affected
by pressure. However, when we reach the brachials
and the femorals, we find that in Group 1, 10 per cent,
were heard in the brachials and 24 per cent, in the
femorals, and in two cases sounds which we call M1
and which we assume were transmitted mitral closures,
were heard in addition in the femorals. In Group 2,
5 per cent, were heard in the brachials and 22 per cent,
in the femorals. In Group 3,  7 per cent, were heard
in the brachials, and 33 per cent, in the femorals.
This would seem to indicate on the basis of the trans¬
mission of the brachial and femoral sounds from the
heart: (1) the higher the pressure, the greater the
transmission in arteries more distant from the heart,
and (2) in those arteries near the heart there is no
relation between arterial sounds and blood pressure.

The natural arterial murmurs occurred in sixty
cases, fourteen times in the carotids, with an average
pressure of 118-65-53; forty-four times in the sub¬
clavians, with an average pressure of 109-66-43, and
twice in the femorals, with an average pressure of
107-66-41. However, the extremes of systolic pres¬
sure vary between 107 and 90, and the extremes of

TABLE 3.—LACK OP DEFINITE RELATION BETWEEN
ARTERIAL SOUNDS AND BLOOD PRESSURE

Aver- Aver- Average 12 12 2 2 1
Blood Oases age age Blood M In A in M in A in A in A in M in

Pressure Age Pulse Pressure C. C. S. S. B. F. P.
I.—100 and

below 61 29 83 96-59-37 60 51 46 48 5 12 2
II.—125-175

inelusive 37 46 84 145-83-62 34 36 34 36 2 8
III.—200 and

above 9 84 57 227-127-100 8 9 7 9 5 3

diastolic pressure between 95 and 30. In laking many
of these cases, I gradually came to feel that the natural
arterial murmurs were more frequent in the normal
or low pressures, though they certainly do occur in
the highest pressures. They probably occur in very
high pressures in cases of irregularity and calcification
of the intima in advanced arteriosclerosis. It is often
impossible, except occasionally over the aorta, to prove
such conditions. It is probably true, therefore, that:

1. Natural arterial murmurs occur chiefly in the
carotids, subclavians and femorals in 30 per cent, of
our cases.

2. As a rule they occur in pressures of a low normal.
3. They are found occasionally in high pressures.
Arteriosclerosis seems to have no effect on the easy

transmission of the heart sounds through the arteries,
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according to Table 5. The sounds were plainly heard
in the vessels in sixty-three cases of arteriosclerosis,
and in 137 normal vessels, or 100 per cent, of the
series. In sixty-three cases of arteriosclerosis there
were thirty-two with cardiac murmurs, of wftich
thirty-one murmurs were heard in the vessels, or
97 per cent. In normal vessels there were forty-three
with cardiac murmurs of which forty-one were heard
in the vessels, or 95 per cent. This difference of 2 per
cent, is hardly sufficient to indicate any marked differ¬
ence in the transmission of murmurs from the heart
in arteriosclerotic vessels as compared with normal
vessels.

TABLE 4.—ARTERIAL MURMURS

Highest Blood Lowest Blood.Aver- Aver- Average Pressure Pressure
Cases age age Blood ,-A-~, ,- -%

Age Pulse Pressure Sys- Dias- Sys- Dias¬
tolic tolic Pulse tolic tolie Pulse

Carotids.... 14 31 88 118-65-53 170 80 70 94 30 40
Subclavians 44 28 83 109-66-43 170 95 70 90 30 15
EcmoralS.... 2 43 93 107-66-41 110 78 55 105 55 27

The murmurs and sounds that occur in the femoral
artery have been the battle ground in arterial sounds
since Duroziez12 first discovered his double murmur in
1861. In 1867 Traube13 described his two peculiar
phenomena in the femoral artery associated with
aortic insufficiency. The first is a double murmur of
which the second blow comes from pressure on the
femoral artery. The second is a double sound in the
femoral artery, and is not, as Traube thought, pathog-
nomonic of aortic insufficiency, but occurs in other
conditions. Of Weil's2 600 cases he found only seven
with Duroziez's double murmur, and only two with
Traube's double femoral sound; and both of these
were in cases of mitral stenosis and aortic régurgita¬
tion. Many explanations of these two series of phe¬
nomena have been given, but a discussion of all of
these would occupy another paper. Suffice it to say
at this time that probably the true explanation of the
pistol shot sound is the transmission of the aortic
second sound in aortic insufficiency, and of the double
sound of Traube is the transmission of the mitral and
aortic sounds from the heart through the blood
stream. Natural arterial murmurs may originate in
the femorals as in the carotids and subclavians, and
pressure simply produces a pressure murmur in the
femorals as elsewhere. Certainly none of these are

pathognomonic of aortic insufficiency as has been
asserted. Dehio,11 Heynsius,14 François-Franck,15
Schultz16 and Friedreich17 have all written extensive
papers in an attempt to explain the femoral phenom¬
ena. The femoral sounds are interesting theoreti¬
cally, but are of little value clinically, except as
interesting clinical phenomena.

It is evident that the transmission of sounds of the
left heart to the carotids and subclavians gives four
additional places for diagnosis in addition to auscul-

12. Duroziez, P.: Du double souffle intermittent crural, comme signe
de l'insuffisance aortique, Arch. g\l=e'\n. de m\l=e'\d., 1861, Series 5, 17,
417-443; 588-605.

13. Traube: Ueber zwei eigent\l=u"\mliche Ph\l=a"\nomene bei Insufficienz der
Aortenklappen, Berl. klin. Wchnschr., 1867.

14. Heynsius, A.: Die T\l=o"\ne und Ger\l=a"\usche im Gef\l=a"\sssystem, Leyden,
1878.

15. Fran\l=c;\ois-Franck:Essai sur la mode de production des souffles
art\l=e'\riels en g\l=e'\neral et du double souffle crural en particulier, Arch.
de physiol. norm. et path., 1899, Series 5, 1, 659-666.

16. Schultz, Werner: Ueber Doppeltonbildung an den Cruralgef\l=a"\ssen,
Deutsch. med. Wchnschr., 1905, 31, 1381-1383.

17. Friedreich, N.: Ueber Doppelton an der Cruralarterie, sowie \l=u"\ber
Tonbildung an den Cruralvenen, Deutsch. Arch. f. klin. Med., 1877-78,
21, 205-258.

tation over the precordial area. The arrhythmias may
be noted in the vessels, particularly premature con¬
tractions, bigeminal pulse, sinus arrhythmia, and to a
less extent auricular fibrillation. In three cases of
emphysema the vessel sounds were clear and better
than over the heart. Weil four times found them in
this disease rather than sounds at the base of the
heart. It is difficult sometimes to distinguish between
the mild aortic stenosis and a simple A1 bruit, and the
vascular sounds help to a correct conclusion. The
murmurs are often transmitted to the vessels with
such clearness that I have had hospital interns who
had never listened over carotids hear them the first
time. In myocarditis and hearts in a gallop rhythm
one often hears a clearer sound in the vessels than
over the heart. It is always well to remember that it
takes a good heart muscle to make a clear heart sound
or a strong murmur. In cases of syphilitic aortitis
with fine, high, faint closure of the aortic valves, or
the older cases with clanging, tympanic closure con¬

firming evidence is heard, particularly in the carotids.
As a rule, the sounds in the left carotid and left sub-
clavian are clearer than in their fellows, because the
former vessels originate more directly from the aorta
without the interposition of the innominate. The
sounds in the right subclavian are also of less value
because of the greater frequency of the natural arte¬
rial murmur in the right subclavian, due probably to
natural pressure in systole from the right rib together
with its snugness to the right lung, particularly dur¬
ing inspiration. Too often we take a cardiac murmur
as a status quo affair and fail to remember that it is
an evolutionary and progressive condition, which
begins maybe with an acentuation of the valves, fol¬
lowed by a splitting, and then a murmur ; or it begins
with an endocarditis and inflammation. Valve destruc¬
tion, the régurgitation, perhaps followed by mitral
stenosis may develop finally. These finer details in the
evolutionary pathology of a valve lesion are often
clearer in the left carotid than over the heart.

CONCLUSIONS
1. Sounds and murmurs originating at the mitral

and aortic valves are transmitted throughout the arte¬
rial system, and are heard usually in the carotids and

TABLE 5.—SOUND AND HEART MURMURS TRANSMITTED

Sounds Murmurs
Cases Number Per Cent. Cases Number Per Cent.

Arteriosclerosis. 63 63 100 32 31 97
Normal vessels. 137 137 100 43 41 95

200 200 Av. 100 75 72 Av. 96

subclavians, only sounds more rarely in the brachials
and femorals.

2. There is little evidence of a relation between
arterial sounds and blood pressure, except that the
higher the pressure and the greater the pulse ampli¬tude, the more apt are sounds to exist in the femoral
arteries.

3. It seems that sounds and murmurs from the
heart are transmitted practically as well in arterio-
sclerotic vessels as in normal vessels.

4. Sounds in the femoral arteries are of little, if
any, clinical value, and are not pathognomonic of
aortic insufficiency.

5. It is probable that the murmur over the brachial
artery heard in taking blood pressure is due to the
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constriction of the artery, and that the sound is due to
transmission from closure of the aortic valve.

6. The arterial sounds in the carotids and sub¬
clavians, particularly the left, often have additional
clinical value in the study of the heart.

Candler Building.

ABSTRACT OF DISCUSSION
Dr. A. E. Roussel, Philadelphia : The essayist fails to tell

us whether the louder murmurs are carried through in a

louder degree than the faint murmurs. It seems to me that
the .faint murmurs would be carried to a less distance than the
loud ones. Another point is whether the arterial tension has
not had much to do with the transmission of the murmurs ;
with high arterial tension the murmurs should be transmitted
better than with low pressure. Those working in tuberculosis
work occasionally see cases in which the degree of consolida¬
tion in the lungs is not marked, but in which a systolic mur¬

mur is heard somewhere over the lung area. This is due to
constriction of the artery by tuberculous masses. I have been
particularly interested recently in working out the oculo-
cardiac reflex, which is obtained by pressure over the eyeball,
maintained for a period of two minutes. This will cause a

diminution in pulse frequency in most persons and an increase
in some others. The neurologists claim that an acceleration
or retardation of ten beats or more is indicative of some trou¬
ble in the central nervous system, as in disseminated syphilis.
I have noted an additional sign which, as far as I know, is
original, and which I take pleasure in recording here. In a

case of chronic myocarditis in which I only suspected the
presence of a murmur, pressure on the eyeball for two minutes
gradually brought out this murmur in a very decided ampli¬
tude. Since then I have been studying this sign in over 200
cardiac cases, and I can say now that continued ocular press¬
ure as directed in faint murmurs will markedly accelerate
those murmurs and bring them out, and in cases of functional
murmurs the results would seem to be the opposite. Func¬
tional murmurs seem to disappear or diminish and organic
murmurs to increase. This is a simple test, easily applied
and I believe will prove to be of real value. I am carrying
out experiments with the electrocardiograph and polygraph
and hope to try the new phonocardiograph before the publica¬
tion of a paper on this subject.

Dr. R. A. Bate, Louisville, Ky. : Since the basis of the
paper seems to depend on the contractions of the heart itself,
I should like to ask Dr. Roberts what part he thinks the varia¬
tion in the causes of the heart contraction plays in the various
heart sounds? All of us have observed that some

heart murmurs disappear, and I wish to ask if the explana¬
tion on the internal secretion basis is right. McKenzie has
shown that the heart will act for days when taken out of the
body, and certain conclusions have been drawn from this.
We know that whatever excites this contraction is not con¬

veyed through the nervous system. On the internal secretion
basis, this must be in the heart itself, like secretin in the ali¬
mentary tract. Does the quantity of this secretion, which pos¬
sibly is formed in the heart itself, or whatever excites cardiac
contractions, play any part in the making of the murmurs? It
has been shown pathologically that many murmurs are not
due to changes in the valves.

Dr. Stewart R. Roberts, Atlanta, Ga. : We attempted to
investigate the relation between arterial sounds and blood
pressure. We found in those arteries more distant from the
heart in hyperpressures of 200 mm. and above, that the sounds
seemed better transmitted to the femoral artery than in cases

of hypopressure. The cases were divided into three groups
according to the blood pressure: (1) those of 100 mm. and
below; (2) those of 125 mm. to 175 mm., inclusive; and (3)
those cases of 200 mm. and above. In the hypopressure cases

we came to feel that the murmurs occurred in the artery more

frequently, as distinguished from the sounds in the femoral
artery in hyperpressure. Murmurs seem more common in the
hypopressure cases, and the sounds in the hyperpressure cases,
The cardiac murmurs, on the other hand, if found in the heart
are found in the vessels, and vice versa. There are exceptions

to this, however. In emphysema with a distended lung over¬
lapping the heart, in pericarditis with effusion, and in fibrinous
pericarditis in which the sounds of the heart are ruined by
the friction sounds, the heart sounds are heard better in the
caro^ds and subclavians. I cannot speak as regards the rela¬
tion of the ductless glands and the arterial sounds. It seems
to me that as a problem it is speculative, and that we have no
facts on which to base a conclusion. In this research it was
all we could do to train our ears to hear the sounds and mur¬
murs in the arteries and we had no time for speculative
philosophy.

INDICATIONS FOR THE MASTOID
OPERATION IN ACUTE

OTITIS MEDIA
EDWARD BRADFORD DENCH, M.D.

Fellow of the American College of Surgeons
NEW YORK

Involvement of the mastoid is ordinarily regarded
by the laity and, I am sorry to say, by a large pro-
portion of the medical profession, with an undue
amount of terror. If physicians would remember, and
explain to their patients, that the mastoid is simply
one part of the middle ear, and that every case of
acute middle ear inflammation is really a mastoiditis,
this false impression would probably, to a large extent,
be corrected. A middle ear acutely inflamed and prop-
erly drained by free incision of the drum membrane
recovers spontaneously. This is really a case of mas-
toiditis recovering with a minimum of surgical inter-
ference. If this drainage \p=m-\either on account of the
severity of the inflammatory process, the particular
topography of the mastoid in the individual case, or
the extreme virulence of the infecting organism \p=m-\is
insufficient, then a mastoid operation is indicated, that
is, it is necessary to drain the middle ear through a

posterior incision rather than by an incision through
the drum membrane.

INDICATIONS
Certain signs and symptoms indicate insufficient

drainage as the result of incision of the drum mem¬
brane, rendering imperative drainage by posterior
incision, and this term will be used hereafter in this
paper as synonymous with the complete mastoid
operation.

Pain.—The indication for operative interference
which most influences the patient is the symptom of
pain. The persistence of severe pain after incision
of the drum membrane is, in some cases, an indication
for the mastoid operation. After free and, to the sur¬
geon, satisfactory incision of the drum membrane, if
spontaneous pain in the ear persists for from twenty-
four to forty-eight hours and is sufficient to require
the administration of the opiate, pain alone is a suffi¬
cient indication for opening the mastoid. I have had
a number of these cases, as has any physician who has
followed a special practice for several years, and it
has been my experience, almost invariably, that in
patients in whom spontaneous pain is the only indica¬
tion for operation, the mastoiditis is of the hemor-
rhagic variety and that the mastoid cells are exten¬
sively developed.

Temperature.—I mention this indication merely in
order to dismiss it with a few words. Some of the

Read before the Section on Laryngology, Otology and Rhinology
at the Sixty-Eighth Annual Session of the American Medical Association,
New York, June, 1917.
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